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Sekundttre Aminogruppen enthaltende Pol^moro 

Die Erfindung betrifft ein Verfahren zur Hersteillung von aekun- 
dftre Aminogruppen enthaltenden Polymeren durch Umsetaung von 
hochmolekularen alkalimetallorganisohen Verbindungen mit N-Alkyl- 
lactamen. 

lot bekannt, dafi konjugierte Dienkohlenvaaaej.'atoffe und vinyl- 
aromatiache Verbindungen anioniaoh nit Hilfe von alkalimetall- 
organischen Initiatoren polymeriaiert warden ktttinen. Dabdi' ent- 
stehen Polymerieate, bei denen Je haoh Art das Initiator* ein 
Kettenende oder baida mit Alkalimetallen beeetzt aind; dia Poly- 
merieate ktJnnen daher ala hoohmolekulare metallorganische Ver- 
bindungen bezelohnet we r dan. Ea 1st auoh mtJglibh, mit beetimm- 
tan Metallierungareagenzian Alkalimetalle in PblyMerketten ein- 
zubauan; auoh dabel entotehen hoohtnolekulare mat&llorganieche 
Verbindungen. ' . 

Der Erfindung lag nun die Aufgabe zugrundt* aolcha hpdhmoleku- 
lar metallorganiaohe Verbindungen waiter ' Umzuiietzen mit . dam 
Ziel, sekundttre Aminogruppen enthaltende Polymere herzuatellen. 

Ea wurde ge fund en, daB eekundalre Aminogruppen enthaltende Poly- 
mere hergeatellt warden kOnnen durch Umeetaung von hoohaoleku- 
lar n alkalimetallorgariischeh Verbindungen mit H-Alkyl-lactamm . 

Die hochmolekularen alkalimatallorganisoKen' Verbinduligen Bind 
Homo- oder Copolymere run kbnjugierten Ditfnen oder Vinylaroma- 
ten. Ala konjugierte Diene kommen vbrzugsweise Butadien und Ioo- 
preii in Frage, ea ktJnhen aber auch and ere Diene mit 4 bis 12 
Kohlenstoffatomen, vie Piperylen, 2, 3-Dimethylbutadien, Phenyl- 
butadien und andere verwendet werden. Ebenao aind Vinyl romaten, 
wie Styrol, die vereohiedenen Alky lety role, Vinylnaphthalin oder 
Vinylpyridin brauohbar. Aufler den Jew iligen Homopolymeriaaten 
ktfnnen auoh Copolymeriaate der konjugierten Diene und. der Vinyl- 
aromaten unt rainander oder auch miteinander herg stellt werden. 
693/69 _ j _ 
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Dabei kttnnen j© nach Wahl dea Initiators und LOaungemit tela 
Blockcopolymariaato odor Copolynorisate mit atatiatiacher Var- 
teilung der Monomeren ent8tehen. 

Die Heratellung der hoehmolekularen alkalimotallorgani8chen Ver- 
bindung erfolgt durch Polymeriaation der genannten Monomeren ih 
LtSeung von Kohlenwaaaeratoff en, Athern Oder Gemiachen davon bei 
Temperaturen zwipohen -100 bi8 +200, vorzugaweiae 2D bis 100°C. 
Ale Initiatoren warden alkalimetallorgani8che Verbindungen, vor- 
zugaweiae lithiumorganische Verbindungen verwendet. Beaonder8 
gut geeignet Bind Llthiumattkyle , wie n-Butyl-lithium. AuBer 
monofunktioniBllen alkalimetallorganischen Verbindungen kOnnen 
auoh aolche mit 2 odor mehr Alkaliatomen im MolekUl verwendet 
werden, wie ib.B. 1 ,5-Dilithium-pentan. Auch Addukte von Alkali- 
metallen an aromatiache Verbindungen rait kondenaierten Hingen 
Bind brauchbar, z.B. Lithiumnaphthalin oder die Addukte von Na- 
trium an Naphthalin, Anthracen oder Diphenyl. 

Je nach Menge dea Initiators entatehen Polymers rait Molekularge- 
wiohten zwiaohen 500 und 500 000. Bei Verwendung einea raono- 
funktionellen Initiatora beateht ein Kettenende, beL bifunktio- 
nellen Initiatoren beatehen beide Kettenenden aua einera Alkali- 
raetall. 

Ein anderea Verfahren zur Heratellung hochraolekularer alkalime- 
tallorganiacher Verbindungen beateht.^arin, dafl Polymere rait 
Metallierungareagenzien behandelt, warden. Die Metallierung wird 
durch Umaetzung dea Polyraeren %n Lbaung von Kohlenwaaaeratoffen 
bei Temperaturen zwiachen 0 und .150,. yorzugawei8e zwiachen 10 
und 80°C durchgefUhrt. Ala Metallierungareagenzien komaen alkali- 
me tailor gani ache Verbindungen, wie n-Butyl-lithium, vorzugaweiae 
aber der n-Butyl-lithium/Tetramethylendiamin-Komplex oder der 
n-Butyl-lithiura/kaliura-tert.-butanolat-Koraplex in Prage. Nach 
der Metallierung aoll daa Polyraere mindeetena in Alkalimetall 
Je MolekUl, hOohatena J doch ein Alkaliraetall je Monom renein- 
heit en thai ten. 

Di 8 hochaol kularen alkalimetall rganischen Y rbindungen w r- 
den erfindungagemaa rait H-Alkyl-lactamen urag a tat. H-Alkyl-lac- 
tame haben die allgeraeine Pormel 
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wtfbei n eine ganze Zahl von vorzugaweiee 4 bie 20 und R oin 
Alkylreet mit vorzugaweiee 1 bia 30 Kohlenatoffatomen daratellt. 

Bei der Umaetzung soil daa Verhaltnia der Xquivalente Lactam zu 
Alkalimetall zweckmafligerweiee zwiaohen 5 : 1 und 1 : 1 lie 5 en. 
Die Umaetzung erfolgt vorzugaweiee in LOaung von Kohlenwaaaer-' 
atoffen bei Temperaturen zwiachen -10 und 150°C. Die Beaktione- 
zeiten liegen bevorzugt zwiachen 1 und 60 Minuten. Dae Umeetzunga. 
produkt wird anachlieBend hydrolyaiert , wobei zwectanafligerweiae 
Saure, wie Chlorwaaaeratof f verwendet werden. Man mufl darauf 
achten, daB die Menge der verwendeten Saure die Menge an Lactam 
nicht allzuaehr Ubereteigt, da aonat die Gefafar der Hydroohlo- 
ridbildung beateht. 

Der Realrtionaablauf kann achematiech durch folgende Gleichung 
wiedergegeben werden. p»l 
Pol - Li + 0 = C Li - 0 - <L 

r - J> H 2>n-> R _ r>H 2 ) n 

Pol - 0 - (CH 2 ) n -NH + / 

0 R 

Die Zahl der eekundaren Aminogruppen in der Polymerkette ent- 
apricht dann der Zahl der Alkalimetallatome, die gebunden waren. 

Aufgrund der reaktionsfahigen aekundarea Aminogruppe Bind die 
entstandenen Polymereozu weiteren UmsetBuagen, beiepielaweiee 
zur Pfropfung auf andere Polyaerieaf, befahigt. Auf dieae Weise 
kbnnen wertvolle Kunatatoffe hergeetellt werden. 

a" d^twic"" 161611 g " en T8ile — 

B.laDi.l 1 

216 g Butadlen werden in 1000 g H.xan .It too nMol n-But»l-ll 
diena wird die P„i ym rie.tlt.eung .it 15, , g S-M.thylo.pryl-Lac- 

: TJX: TTT ani ruhrt - ' 3tund « 

tur. n utralieiert die Poly.rl8.ung .it v.rdunnt.r ..thanoll 
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«re Amin.grupp.. »»•**•"• Herat d.h.r .twa Mae 8rt)m _ 

sic n ^ B.lapj.l J 

216 s Butadi.n w.rdw lm Tooo g 

laum-Laotae j^™"^ »" « 

in B.i. pl .x , 8 e f unde,,n .r a.. ~ te >"^ •*« d.n 

»«.n liegt b.i , twa goo • * • "•>mtar W «lcht d.a Poay . 

«•» »t~ 2 a. tamda „ A Blaogrupp ," '"»■•*•"• *<>»»« hi.r 



H Beiaplai 3 

100 g stjrrol una ,116 g Butadi.n wc---„ in ,„™ 
*ol ,ln. r 0 5 normal,. NaphthaUMa'trtlTT ' T ° ln ° l °" 2 ° 
furan b.i 30°c pol y m.rlai, rt B.,! ™ triu,, - le '»»« »» T»trah,dro- 
H-Xth y i-oap ryl -lacta n «t£. * ^J™'" 7 "'^ *< 9 « 
««hr raaoh. Man rtlhrt noch 1 stun*, „\ *>l»»rlo B „ng 

j.«h «. in B ,i.pi 91 , b .: oh s ::::.v: - - 

Im Ultrarotspectrum der Polvm»n« 0 , / " 

k0hlen8toff) Klrd eln 00!:!° r: : n 0 8 r* 1 ? T - trarti ^ 

G.halt an NH- S ruppe„ wlrd zu „ , *"•*«••*•»» ' «-r 

-ioht liegt b.i .twa 2, 000, .„ daVau n h i„ 1 !V 0l,,raUr «'- 
k.tt. sw.i ...cundar. Aminogrupp.n koDa , , " #, »* 



Beisplel A 

216 g Butadien werdea in 1000 r Hexan n <+ * - 

b.1 7oo 0 poi yB . ri .i. r t. Kach Au e . P H ";:,: le 2 r *' 1 

KaliHn-t.rt.-butanolat b.i 3 5 °o i„„ t. ,? lthlu " on « '0 «ft.i 

W. M .ung, di. aohwaoh ;,| lb W L «1 , ' 8tU " d " *»*• 
a.. «. t all 1 . rU ng 8lcompl .„ 8 krttf '' " F t bt " H h b « * " *!"*,,*„« 
lo.ung .nt«rbt eich b.i„ 2uaatI ^T*',"' Pi> ^-'- 

ta.. Di, Aufarbaitung und H.inigun, d.. pf, N " hy l -»««»»l-I«e. 
S.lapl.l i. "inigung d. s Pol y n,«„ n , rf lgt vS(l %m 
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Im UR-Spaktrum l&Bt aich in Polymaren oin CO-Gohalt von 0,2 $ 
feBtstellon oin NH-Gehalt von etwa O t 09 Dae Molekulargt- 
wioht des Polymeran liegt boi 110 000, auf «in« Polymerankette 
kommen hier also ttwa 9 eekundftre Aminogruppen. 
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wtrden. 8 " H - Alk yl-I»aotairoii umgeaetafc 

Badiach* Aniiin- A Sbda-Pabrilc AO 



Trans 1 at ion cf D 1 *" - no OA A- ' 1 ^ ° 



Polymers Co ntaining Secondary Amino Groups 

The present invention relates to a process for the production 
of polymers containing secondary amino groups by reacting 
highly molecular alkali metallo-organic compounds with N-alkyl 
lactams . 

It is known that conjugated diene hydrocarbons and vinyl- 
aromatic compounds can be polymerized anionically by means of 
alkali metallo-organic initiators. In this case, polymers 
result in which, depending on the kind of initiator, one or 
both chain ends are occupied with alkali metals. Thus, the 
polymers can be referred to as highly molecular metallo-organic 
compounds. It is also possible to introduce alkali metals into 
polymer chains by means of certain metalation reagents. Highly 
molecular metallo-organic compounds also result in this case. 
The object of the present invention was to further react such 
highly molecular metallo-organic compounds so as to prepare 
polymers containing secondary amino groups. 

It has been found that polymers containing • secondary amino 
groups can be prepared by reacting highly molecular alkali 
metallo-organic compounds with N-alkyl lactams. 

The highly molecular alkali metallo-organic compounds are 
homopolymers or copolymers of conjugated dienes or 
vinylaromatics . Conjugated dienes in question are preferably 
butadiene and isoprene. However, other dienes having 4 to 12 
carbon atoms such as piperylene, 2, 3-dimethylbutadiene, 
phenylbutadiene and others can also be used. Vinylaromatics 
such as styrene, the various alkyl styrenes, vinyl naphthalene 
or vinylpyridine are also usable. In addition to the respective 
homopolymers, copolymers of the conjugated dienes and 
vinylaromatics can also be prepared among one another or also 
with one another. 
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copolymers having random monomer distribution may form in this 
connection. 

The highly molecular alkali metallo-organic compounds are 
prepared by polymerizing said monomers in solution of 
hydrocarbons, ethers or mixtures thereof at temperatures 
between -100 to +200, preferably 20 to 100 *C. Alkali mgtaJLlo- 
organic compounds, preferably lithium-organic compounds are 
used as initiators. Lithium alkyls such as n-butyl lithium are 
especially suitable. In addition to mono-functional alkali 
metallo-organic compounds those having 2 or more alkali atoms 
in the molecule can also be used such as 1,5-dilithium pentane, 
for example. Adducts of alkali metals at aromatic compounds 
with condensed rings are also usable, e.g. lithium naphthalene 
or the adducts of sodium at naphthalene, anthracene or 
diphenyl . 

Depending on the initiator amount, polymers having molecular 
weights between 500 and 500,000 form. When a monof unctional 
initiator is used, one chain end consists of an alkali metal 
and in the case of bifunctional initiators both chain ends 
consist of an alkali metal. 

Another process for the production of highly molecular alkali 
metallo-organic compounds consists in that polymers are treated 
with metalation reagents. The metalation is carried out by 
reacting the polymer in solution of hydrocarbons at 
temperatures between 0 and 150, preferably between 10 and 80 *C. 
The metalation reagents in guestion are alkali metallo-organic 
compounds such as n-buty] lithium preferably the n-butyl 
lithium/tetramethylene diamine complex or the n-butyl 
lithium/potassium-tert. -butanolate complex. After the 
metalation, the polymer is to contain at least one alkali metal 
per molecule, however, at most one alkali metal per monomer 
unit. 

These highly molecular alkali metallo-organic compounds are 
reacted according to the invention with N-alkyl lactams. N- 
alkyl lactams have the general formula 

0 - I 
t .(GH ? ) n 
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alkyl residue having preferably 1 to 30 carbon atoms. 

In the reaction, the equivalent ratio of lactam to alkali metal 
is usefully between 5 : 1 and l : l. The reaction is carried 
out preferably in solution of hydrocarbons at temperatures 
between -10 and 150 *C. The reaction periods are preferably 
between l and 60 minutes. The reaction product is then 
hydrolyzed, acids such as hydrogen chloride being practically 
used. Attention has to be paid to the fact that the amount of 
acid used does not exceed the lactam amount excessively, since 
otherwise the danger of hydrochloride formation exists. 
The reaction course can be shown diagrammatically by the 
following equation: 

pa 

Pol - Li + 0 = C Li . o - A 

R , i>»2>.-> R . i>« 2 ) n 
Pol - C - (CH ? ) -NH „ + y 
0 R < ' 

Ther 'number of the secondary amino groups in the polymer chain 
then corresponds to the number of the alkali metal atoms which 
were bound. 

Due to the reactive secondary amino group, the resulting 
polymers, are capable of further reactions, e.g. can be grafted 
onto other polymers, in this way, valuable plastics can be 
produced . 

The parts and percentages mentioned in the examples refer to 
the weight. 

Example 1 

216 g of butadiene are polymerized in 1000 g of hexan e with 100 
mmoles of n-butyl lithium at 65 *C. When the butadiene has been 
fully polymerized, the polymer solution is admixed with 15.5 g 
of N-methylcapryl lactam. Then, the mixture is stirred at room 
temperature for l hour, the polymer solution is neutralized 
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with di lute ni^th^nn^n upi ^^t,,4_:„ _ „ _» x.i_ _ 
precipitated in methanol. Then, reprecipitation is carried out 
two more times from hexane/methanol and drying is effected in 
vacuo at l torr. 

Inf rared-spectrographic investigations with polymer solutions 
in carbon tetrachloride yielded an NH group content at the 
order of 0.5 to 0.6 % and a CO group content of l.i %. The 
molecular weight of the polymer is about 2,000, thus there is 
about one secondary amino group for every polymer chain. 

Example 2 

216 g of butadiene are polymerized in 1000 g of hexane with 50 
mmoles of l , 5-dilithiumpentane (as 0.8 molar solution in 
diethyl ether) at 40*C. The "living" polymer solution is 
admixed with 21.5 g of N-methvllaurvl lactam. Further 
processing is carried out as defined in Example 1. The contents 
of NH and CO groups approximately correspond to the values 
found in Example l. The molecular weight of the polymer is 
about 9,000. Here, there are about 2 secondary amino groups for 
one polymer chain. 



Example 3 

100 g of styrene and 116 oof butadiene are polymerized in 1000 
g of toluene with 20 mmoles of a 0.5 normal naphthalene-sodium 
solution in tetrahydrofuran at 30 'c. When the solution is 
admixed with 2.9 g of N-ethvl-capryl lactam, the dark-red 
polymer solution decolorizes very rapidly. Then, it is stirred 
at room temperature for one more 1 hour and processed as 
described in Example l. 

A CO content of 0.22 % is detected in the infrared spectrum of 
the polymer solution (dissolved in carbon tetrachloride): The 
content of NO groups is determined as o.i %. The molecular 
weight is about 24,000, so that here, too, there are 2 
secondary amino groups for one polymer chain. 
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Example 4 



216 g of butadiene are polymerized in 1000 g of hexane with 2 

ZlT ° f ":" Utyl UthiUm at 70 ' C> H3Ving £ul1 * P°^erized the 
butadiene, the poller so iutioh is reacted with 16 mmoles of n- 

butyl lithium and 10 mmoles of potassium-tert.-butanolate at 
35 C wrttun 3 hours. The solution which had a slightly yellow 
color changes into a bright red color upon the action of the 
metalation complex. The red-colored polymer solution discolors 
when 1,4 g of N-methyl-lauryl lactam are added. The polymer is 
processed and purified as in Example 1. 

A CO content of 0.2 * and a NH content of about 0.09 % can be 
found in the polymer in the infrared spectrum. The molecular 
weight of the poXymer is 110,000. Thus, there are about 9 
secondary amino groups for one polymer chain in this case 
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Claim 



A process for the production of polymers containing, secondary 
amino groups, characterized in that highly molecular" alkali 
metal lo-organic compounds are reacted with N-alkyl lactams. 



